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THE INFLUENCE OF THE SEPARATOR UPON DISTRI 
BUTION OF BACTERIA IN MILK AND CREAM. 

L. D. Bushnell and O. W. Hunter. 
INTRODUCTION. 

IT IS a common practice to clarify milk by passing it through 
some kind of a centrifugal machine. The rapid rotation 
throws out most solid filth and many of the bacteria. There 
are at present several special machines for this purpose on the 
market. Some concerns consider that clarification aids the 
keeping quality by reducing the number of bacteria, and some 
milk producers think that clarification may replace pasteuri- 
zation. If this is true the installation of these machines would 
be of value. However, special machines add to the expense of 
production, and we have received several inquiries as to the 
use of the separator for this purpose. 

Beside the practical bearing of this problem upon the keep- 
ing quality of milk, a few authors have studied it in its relation 
to the modification of milk for infant feeding. In the latter 
case it is a common practice to make a modified milk by adding 
a certain percent of cream to skim milk. It is important, 
therefore, to obtain a skim milk or a cream low in bacterial 
content. 

The results of Wilckens (1894), Anderson (1909), Stocking 
(1911), and Roadhouse (1914), indicate that when milk was 
separated, a larger percentage of microorganisms was found 
in the cream as compared with skim milk. On the other hand, 
Heinemann, Luckhardt and Hicks (1910), Swinthinbank and 
Newman (1903), Heinemann and Class (1911) assert that the 
separated milk contained a higher bacterial content than the 
cream. Swinthinbank and Newman estimated that 60 percent 
of the bacteria is thrown into the slime, 25 percent in the skim 
milk and 15 percent in the cream. Wilckens states that the 
centrif uged milk contains fewer bacteria than the original milk, 
and that this decrease is accounted for by the death of the cells, 
due to rotation. Heinemann, Luckhardt and Hicks and Road- 
house assert that the bacterial content was higher in the mixed 
separated milk than in the original milk. Heinemann and 
Class, after investigating the relation of cream to the bacterial 
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count, concluded that the number of bacteria in separated 
cream decreases proportionally as the fat content increases 
and the number of bacteria in separated milk decreases pro- 
portionally with the increase of fat in the cream. 

The importance of this subject from the commercial, sani- 
tary and scientific standpoints led to this investigation. 
Briefly stated, the object of the study was to determine : 

1. The distribution of the bacteria in the cream, skim milk 
and bowl sediment. 

2. The effect of separation upon the number of bacteria in 
the mixed milk. 

3. The effect of different separators upon the distribution 
of bacteria. 

4. The influence of mechanical conditions, such as the per- 
cent of butter fat in the cream, upon the distribution of 
bacteria. 

5. The distribution of various types of bacteria by the 
separator. 

6. The effect of distribution upon the keeping quality of the 
milk. 

EXPERIMENTAL DATA. 

The samples of unseparated milk were taken just before 
separating, and the samples of cream, skim milk and mixed 
milk just after. The time which elapsed between collecting 
and plating was not more than ten or fifteen minutes. 

Standard plain meat-juice agar was used, and all plates in- 
cubated at room temperature for four days and counted. An 
average of all countable plates was taken, and the results are 
comparable. 

In all cases the tests were run at the best conditions (speed 
of separator and temperature) for skimming. Care was taken 
to sterilize all the utensils, including all containers, separators 
and other utensils in streaming steam before using. This was 
done in order to avoid any errors which might arise from con- 
tamination and the resulting irregularity from such data. 

Table I indicates what effect contamination might have upon 
the results. Several liters of sterile water were poured through 
the separator and samples of the water taken after passing 
from the cream spout and from the skim-milk spout of the ma- 
chine. 
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Number of Trial. 


Bacteria per cc. 

in water from 

skim-milk spout. 


Bacteria per cc. 
in water from 
cream spout. 


1 


30 
93 

113 
66 
8 
63 
19 
90 
96 
83 
37 

181 


7 


2 


105 


3 


210 


4 


241 


5 


14 


6 


57 


7 


37 


8 


136 


9 


86 


10 


61 


11. 


23 


12. . 


162 








73 


94 







A comparison of this table with those following demon- 
strates that the amount of contamination in every case is en- 
tirely negligible, being in fact much less than the experimental 
error. 

The milk for the first twenty-three tests was good market 
milk, and for the last fifty-five tests was milk hauled in from 
distant farms and fairly representative of such milk. Table II 
gives an average of the first twenty-three tests. 

Table II. 



Number of microorganisms per cc. 



Unseparated. 


Skim milk. 


Cream. 


Mixed Milk. 


Bowl sediment. 


80,000 


107,500 


101,100 


157,900 


399,800 



This table shows, first, that a somewhat larger proportion of 
bacteria go with the skim milk than with the cream ; second, 
that the number of bacteria in the mixed milk (after separa- 
tion) is nearly double the number found in unseparated milk; 
and third, that the bowl sediment contains nearly five times as 
many bacteria per gram as does the unseparated milk per cc. 
This indicates that the organisms grow in masses in the whole 
milk, and that the usual method of estimation does not give the 
actual number present. The enormous centrifugal force may 
kill large numbers, but the counts show an actual increase. 
The average of fifty-five tests on a different grade of milk is 
given in Table III. In this series tests were not made on the 
bowl sediment. 
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Table III. 



Number of microorganisms per cc. 



Unseparated milk. 


Skim milk. 


Cream. 


Mixed milk. 


46,383,000 


45,907,000 


63,813,000 


*85,522,000 



* The apparent discrepancy between the number of organisms in mixed milk and the 
number in skim milk plus cream may be explained by the unequal volumes of skim milk 
and cream. The entire volume of cream obtained from a single sample of milk is much 
smaller than the entire volume of skim milk, but we took the same volume (1 cc. ) from 
each as a sample. When these are mixed the number in the cream is reduced, while the 
number in the skim milk is increased, but in unequal proportion. So that the number 
given for mixed milk is not a sum of the two numbers given for skim milk and cream, but 
is that which we actually obtained by count. 

As in the former case, the mixed milk (after separating) 
contained nearly double the number found in the whole milk. 
In the first series there were larger numbers of organisms in 
the skim milk, but in the second series there was a marked in- 
crease in the numbers in the cream. These results are similar 
to those of various investigators of this problem, since some 
found more in the milk and others more in the cream. 

Attempts were made to determine the cause of such discrep- 
ancies. Samples were taken from the spout of the separator 
at different intervals during the process of running the same 
sample of milk. Only two series of such tests were made, but 
these are sufficient to denote the great irregularity of the dis- 
tribution of bacteria in the same sample, and indicates that 
testing at different times might account for the results of vari- 
ous investigators. Table IV shows the result. 

Table IV. 





Number of Test. 


Number of microorganisms per cc. 




Skim milk. 


Cream. 




70,000,000 

55,000,000 
112,000,000 

64,000,000 
128,000,000 
189,000,000 

24,000,000 
104,000,000 

15,000,000 


160,000,000 




110,000,000 




240,000,000 




172,000,000 




125,000,000 




216,000,000 




362,000,000 




237,000,000 




168,000,000 



The influence of different separators as regards the distri- 
bution of microorganisms is found in Table V. Six different 
machines were used and are referred to by number. The 
figures are an average of several trials. 
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Number 
of Machine. 


Number of microorganisms per cc. 




Unseparated. 


Skim milk. 


Cream. 


Mixed milk. 


1 


47,559,000 
132,178,000 
70,179,000 
26,950,000 
51,752,000 
138,282,000 


58,167,000 
116,683,000 
104,593,000 
47,101,000 
50,221,000 
70,191,000 


81,195,000 
101,744,000 
81,160,000 
71,025,000 
89,162,000 
47,439,000 


69,686,000 


2 


151,400 000 


3 


80,920,000 


4 


67,442,000 


5 


67,737,000 


6 


166,433.000 







In every case in this table the mixed milk is higher than the 
unseparated milk. As to the distribution between skim milk 
and cream the various separators differ. In the case of num- 
bers 2, 3, and 6 more organisms are thrown into the skim milk 
than into the cream. In numbers 1, 4 and 5 this distribution 
is reversed. 

The results in tables IV and V show great variations, and it 
can readily be seen how different workers might logically ob- 
tain different results when only a few tests were used or by the 
use of different separators. 

Table VI shows the relation of the amount of butter fat in 
cream to the distribution of bacteria. The average of the 
tests above 30 percent fat are designated as "high" and those 
below 30 as "low." 







Table VI. 






Percent 


Number of microorganisms per cc. 


Fat. 


Unseparated. 


Skim milk. 


Cream. 


Mixed milk. 


High 


95,806,000 
46,387,000 


93,705,000' 
45,907,000 


104,659,000 


96,674,000 
85,522,000 











This indicates that the amount of butter fat in milk exerts 
no marked effect upon the distribution of microorganisms. 

An additional factor, the specific gravity of microorganisms, 
may account for the difference occurring in the distribution of 
bacteria in. milk and cream. In Table II the results indicate 
that the majority of organisms are found in the skim milk, 
while in Table III the opposite is true. In the former case 
the milk used was fresh, while in the latter table the milk was 
much older. This difference in the distribution of organisms 
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may be explained by the greater specific gravity of the types 
of microorganisms found in fresh milk, in the older milk 
the microbial flora is different and the specific gravity lighter, 
thus offering better opportunity for the organisms to be carried 
with the cream upon separation. 

In Table VII are shown the average results of twenty tests 
which were run to determine the relative distribution of the 
various groups of organisms present in milk. The plates used 
were litmus lactose gelatine incubated at room temperature 
for six days. The colonies found were grouped according to 
their action upon the litmus and gelatine, as follows : 

(1) Acid liquefiers. 

(2) Acid nonliquefiers. 

(3) Alkaline liquefiers. 

(4) Alkaline nonliquefiers. 

(5) Neutral liquefiers. 

(6) Neutral nonliquefiers. 

(7) Molds. 

As there appeared to be practically no difference in the dis- 
tribution of the types between a milk having a low bacterial 
content and one having a high content, the tests were averaged 
irrespective of numbers. 

Table VII shows that all the types predominate in the cream 
over the skim milk except the molds, and these are in reversed 
order. No conclusions could be drawn as to the distribution 
of the various types. 

The effect of separation upon the keeping quality is roughly 
shown in Table VIII. The samples were taken as soon after 
separation as possible and kept in flasks at room temperature 
until about the time of coagulation, when acid determinations 
were made as an indication of bacterial activity. 
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Table VIII. 



Number of 


Hours. 




Percent acid in — 




Sample. 


Whole milk. 


Mixed milk. 


Skim milk. 


Cream. 


1 


43 
92 
64 
64 
58 
58 
82 
60 
64 
46 
26 
26 
128 
72 


.52 
.40 
.72 
.79 
.45 
.78 
.75 
.90 
.95 
.70 
.76 
.63 
.64 
.64 


.51 
.43 
.79 
.86 
.62 
.73 
.81 
.89 
.95 
.64 
.74 
.64 
.65 
.65 


.50 
.41 
.57 
.73 
.52 
.68 
.65 
.95 
.80 
.50 
72 
^67 
.69 
.69 


.49 


2 

3 

4 

5 

6 


^68 
.51 
.14 
.60 


7 


.67 


8 


.78 


9 

10 

11. . 


.62 
.46 
.73 


12 


.60 


13 


.66 


14 


.66 



The results indicate that separation has but little effect upon 
the development of acid. There is a slight increase of acidity 
in the mixed milk over the whole milk, which denotes that the 
quality of the milk is not improved, except that it may be made 
more palatable by being freed of sediment. 

SUMMARY. 

1. When ordinary market milk is run through a separator 
more bacteria go with the cream than with the skim milk (for 
equal volume) . 

2. The bowl sediment takes out large numbers of bacteria, 
besides much of the solid filth. 

3. Bacteria grow in masses in milk, and separation, by 
breaking these up, increases the numbers of bacteria (accord- 
ing to plate counts) . 

4. Different separators affect the distribution differently, 
some throwing more bacteria into the cream, others more into 
the skim milk. This, however, may vary with the same separa- 
tor at different times. 

5. It is suggested that the specific gravity of the bacteria 
influences the distribution more than the action of the butter 
fat, as a small or larger amount of butter fat does not material- 
ly change this distribution. 

6. The keeping quality is not influenced by the separation to 
any appreciable extent, and so cannot be substituted for 
pasteurization. 

7. Different methods of sampling and different time of sam- 
pling may give great discrepancy in the results obtained. 
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THE MICROBIAL FLORA OF GRADED CREAM. 

O. W. Hunter and L. D. Bushnell. 

FEW years ago the state dairy commissioner of Kansas, 
in cooperation with several departments of the Experi- 
ment Station, undertook a systematic study of cream produc- 
tion. It was the aim of the investigation to devise a simple but 
practical method for grading the quality of cream, hoping 
thereby greatly to improve the general type of cream as pro- 
duced throughout the state. The cream was classified into two 
grades, according to its acid content, that with an acidity of 
0.5 percent or less being first grade, and that with an acidity 
over 0.5 percent being second grade. The department of bac- 
teriology of the station determined the microbial flora of the 
different grades of cream, with the ultimate purpose of es- 
tablishing a correlation between the microbial content of 
cream and its quality. 

The quality of cream is inferior when it possesses undesira- 
ble flavors and odors. These can be traced to the following 
sources : 

1. Food which the animal has eaten. 

2. Absorption of odors after milking. 



